The high-iron diamine staining (HID), which has been used in histochemistry to stain sulfated glycoconjugates (SGC), was tested for delectability of authentic acidic substances (chondroitin sulfates A plus C, dermatan sulfate, heparan sulfate, chondroitin, hyaluronic acid, al-acid glycoprotein and ribonucleic acid) in electrophoresis on cellulose acetate membrane (Separax). The results showed that only SGC were detectable by the HID, although all the above substances were stained with alcian blue. The glycoconjugate preparations obtained from the liver, kidney, lung, small intestine, colon, stomach, brain and spleen of rats were examined by two-dimensional electrophoresis on Separax. The new spots (or bands), besides those of sulfated glycosaminoglycans, were detected by the HID on the electrophoretograms of all the samples except for the kidney one. The substances giving the new spots (or bands) were indicated to be sulfated glycopeptides (SGP) by crude heparinase digestion of a representative sample. The present results revealed that the HID was applicable for detection of SGP in electrophoresis on cellulose acetate membrane. Also, it is a novel finding that the liver and spleen contain SGP.
tedious, a simple method for detection of SGP was desired. On the other hand, Spicer (1965) reported that the high-iron diamine staining (HID) was useful in histochemistry for differentiating sulfomucin from non-sulfated mucin. It was demonstrated that this staining was specific for sulfate groups (Spicer 1965 ). The HID was therefore thought to be applicable for detection of SGP.
This paper reports an application of the HID for detection of SGP in electrophoresis on cellulose acetate membrane.
MATERIALS AND METHODS
Materials. N,N-Dimethyl-p-phenylenediamine monohydrochloride and N,N-dimethylm-phenylenediamine dihydrochloride were purchased from Sigma Chemical Co., St. Louis and Nakarai Chemicals, Ltd., Kyoto, respectively. Chondroitin and yeast ribonucleic acid were obtained from Seikagaku Kogyo Co., Tokyo and Wako Pure Chemical Industries, Ltd., Osaka, respectively, a1 -Acid glycoprotein, crude heparinase, alcian blue, cellulose acetate membrane (Separax) and other materials were the same materials reported previously (Endo and Yosizawa 1979 ; Munakata and Yosizawa 1980a, b) .
Preparation of glycoconjugates (GC). The tissues obtained from rats immediately after sacrifice were washed with ice-chilled 0.154 M NaCI, and then blotted on a filter paper. The wet tissues (2 g) were minced into small pieces and homogenized in 100 ml of acetone with a Waring blender. The homogenate was filtered through filter paper. The residues were suspended in 6 ml of water. Methanol (16 ml) and chloroform (8 ml) were added to the suspension. The mixture was shaked well and then left to stand at room temperature for 30 min, followed by centrifugation at 5,000 rpm for 30 min. The pellet was treated again by the same procedures as above. After centrifugation, the pellet was washed with absolute ethanol and dried over CaC12 in vacuo. The dried powder (1 g) was suspended in 20 ml of 0.1 M Tris-HC1 buffer (pH 7.8) containing 0.01 M calcium acetate and 0.01% benzoic acid. Incubation was carried out with pronase (10 mg) in the presence of a small amount of toluene at 45°C for 24 hr with stirring. The pH of the incubation mixture was maintained at 7.8 with 1 M NaOH during the proteolysis. The incubation was continued a further 24 hr with a half amount of the enzyme. The incubation mixture was chilled in an ice-bath and then added dropwisely chilled trichloroacetic acid (TCA) with stirring to give a final concentration of 10%. After stirring for 30 min at 0°C, the mixture was centrifuged in the cold at 5,000 rpm for 30 min. The supernatant was dialyzed against several changes of water (3 L each) for 1 week. The non-dialyzable fraction was lyophilized, yielding GC.
Electrophoresis. Electrophoresis on cellulose acetate membrane (Separax) was performed as described previously (Munakata and Yosizawa 1980a; Munakata et al. 1984 ). GC were located by staining with alcian blue. SGC were stained by the HID after treatments of cellulose acetate membrane with 80% ethanol and absolute ethanol.
High-iron diamine staining (HID). Staining solution was prepared by the method of Spicer (1965) as follows : N,N-dimethyl-m-phenylenediamine dihydrochloride (360 mg) and N,N-dimethyl-p-phenylenediamine monohydrochloride (60 mg) were dissolved in water (50 ml). This solution was added to 4.8 ml of 40% FeCl3in 5% HCI. After electrophoresis, the dried cellulose acetate membrane was dipped in the staining solution at room temperature for 1 hr. The membrane was then washed thrice with water for 15 min. The resulting black spot (or band) was marked.
Determination of constituent. Hexosamine was determined by the Elson-Morgan reaction (Boas 1953 ) with an acid hydrolysate (4 M HCI, 100°C, 6 hr).
RESULTS AND DISCUSSION

Specificity of the HID for sulfated glycoconjugates (SGC)
The following authentic acidic substances were examined by electrophoresis : chondroitin sulfates A plus C, dermatan sulfate, heparan sulfate, chondroitin, hyaluronic acid, al-acid glycoprotein and ribonucleic acid. One-dimensional electrophoretograms of these substances are shown in Fig. 1 . All the substances were stained with alcian blue (Fig. 1A) , whereas only sulfated glycosaminoglycans (SGAG) were visualized by the HID (Fig. 1B) . Since dermatan sulfate and heparan sulfate migrated similarly under the present condition, two-dimensional electrophoresis was carried out as described previously (Munakata et al. 1984 ). All the authentic GAG were well separated and stained with alcian blue (Fig. 2A) . However, as described above, only SGAG were stained by the HID (Fig. 2B) . These results coincided with the histochemical observations (Spicer 1965 ). Thus, specificity of the HID for sulfate groups was confirmed.
Detection of SGP in the GC preparations by the HID
The GC specimens were prepared from 8 organs of rats by the procedures as described in MATERIALS AND METHODS. The yields of the GC preparations are listed in Table 1 . Each preparation (1 mg) was dissolved in water (0.1 ml) and the solution was spotted on Separax, followed by two-dimensional electrophoresis as described in Fig. 2B . The electrophoretograms of the substances stained by the HID are shown in Fig. 3 . Besides the spots corresponding to those of the authentic SGAG shown in Fig. 2B , new spots (or bands) (pointed by arrows) Fig .1 . Electrophoretograms of authentic acidic substances. One-dimensional electrophoresis was performed on cellulose acetate membrane (Separax) in formic acid-pyridine buffer (pH. 3.0) at 1 mA/cm for 25 min. Substances were located by staining with alcian blue (A) and by the HID (B). 1, a mixture of hyaluronic acid (bottom), heparan sulfate and dermatan sulfate (middle) and chondroitin sulfates A plus C (top) ; 2, chondroitin ; 3, ribonucleic acid ; 4, al-acid glycoprotein.
were detected on the electrophoretograms of all the samples except for the kidney one. Judging from the specificity of the HID and their electrophoretic mobilities, the substances giving the new spots (or bands) were considered to be SGP.
In order to ascertain whether the substances in the new spots (or bands) were SGP or not, a representative sample obtained from stomach was digested with crude heparinase by the method reported previously (Endo and Yosizawa 1979) . The resulting digest solely gave the new spot (data not shown). Since it was Fig .2 . Electrophoresis of authentic glycosaminoglycans (GAG). Twodimensional electrophoresis was carried out on Separax (6 x 6 cm) by the procedures as described previously (Munakata et al. 1984) . GAG were located by staining with alcian blue (A) and by the HID (B). 1st dimension (horizontal direction), formic acid-pyridine buffer (pH 3.0),1 mA/cm, 25 min ; 2nd dimension (vertical direction), 0.1 M barium acetate, 1 mA/cm, 2 hr. 1, hyaluronic acid ; 2, heparan sulfate ; 3, dermatan sulfate ; 4, chondroitin sulfates A plus C. The arrows indicate origin of the samples. Yields of glycoconjugates from rat tissues shown that only SGP was resistant to crude heparinase digestion among these SGC (Endo and Yosizawa 1979) , the substance giving the new spot was indicated to be SGP. Fig .3 . Electrophoretograms of the glycoconjugate (GC) preparations from organs. Electrophoresis was performed as described in Fig. 2B . A, 1 GC; B, kidney GC; C, lung GC ; D, small intestinal GC ; E, colonic GC stomach GC; G, brain GC ; H, spleen GC. Fig. 3 , GC preparations obtained from these tissues gave the large or distinct new spots. The present findings therefore confirmed the previous observations.
In addition, the new spots (or bands) were also detected on the electrophoretograms of the samples from the liver, lung and spleen, indicating the presence of SGP in these tissues. Since bronchial mucin was shown to contain SGP (Yosizawa 1972), the new spot detected on the electrophoretogram of the lung sample might be that of SGP derived from bronchial mucin. It is a novel finding, however, that the liver and spleen contain SGP. The present results indicated that the HID is a simple method for detection of SGP in electrophoresis on cellulose acetate membrane.
